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[57] ABSTRACT

An apparatus for pouring molten steel into a mold in
continuous casting of steel according to the present
invention comprises a tundish holding molten steel; a

'nozzle which 1s set at the bottom of said tundish, the

nozzle having a spherical shape and through which
molten steel flows out of said tundish; a shiding plate
which i1s set at the lower portion of said nozzle and
which opens and closes said nozzle; an immersion noz-
zle which is set under said sliding plate and through
which molten steel is poured into the mold; and a block
body which has a core body therein, whose outer layer
i1s made from refractory material and has a spherical
surface large enough to cover the opening of said noz-
zle and whose bulk specific gravity ranges between the
bulk specific gravity of slag and that of molten steel. A
disc-shaped flange 1s coupled to the spherical *surface
portion.

10 Claims, 2 Drawing Sheets
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APPARATUS FOR POURING MOLTEN STEEL
INTO A MOLD IN CONTINUOUS CASTING OF
STEEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for
pouring molten steel from a tundish into a mold in con-
tinuous casting of steel.

2. Description of the Prior Art

In continuous casting of steel, molten steel is poured
into a tundish from a ladle and further into a mold
through a nozzle. In this case, when the-level of the
molten steel in the tundish goes down at the last stage of
casting, the molten steel right over the nozzle flows out
of the nozzle, producing an eddy which has a possibility
of entangling slag on the surface of the molten steel. If
the molten steel including the slag is poured into the
mold, there can be increased defects produced by non-
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metallic inclusions in steel manufactured from slab

made by 1neans of continuous casting of steel. To pre-
vent the slag from being entangled in the molten steel,
sald nozzle 1s closed before said eddy occurs to stop an
inflow of the molten steel into the mold.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
apparatus for pouring molten steel into a mold in contin-
uous casting of steel, wherein the occurrence of an eddy
in molten steel or slag is prevented at the last stage of
continuous casting; an inflow of the slag together with
the molten steel from a tundish into a mold is avoided
and the yield of the molten steel is increased by reduc-
ing a residual amount of the molten steel as much as
possible.

To accomplish said object, the apparatus for pouring
molten steel into a mold in continuous casting of steel
Comprises.

a tundish holding molten steel;

a nozzle which is arranged at the bottom of said tun-
dish, the nozzle having a spherically shaped opening
and through which molten steel flows out of said tun-
dish;

a sliding plate which is set at the lower portion of said
nozzle and which opens and closes said nozzle;

an immersion nozzle which is set under said sliding
plate and through which molten steel is poured into the
mold; and -

a block body which has a core body therein, whose -

outer layer is made from refractory material and has a
spherical surface portion large enough to cover the
opening of said nozzle and whose bulk specific gravity
ranges between bulk specific gravity of slag and that of
molten steel. A disc-shaped flange is coupled to the
spherical surface portion.

The above objects and other objects and advantages
of the present invention will become apparent from
detailed description to follow, taken in conjunction
with the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a longitudinal sectional view illustrating an
apparatus for pouring molten steel into a mold in contin-
uous casting of steel of the present invention; and

FI1G. 2 1s an enlarged sectional view illustrating a:

block body of said apparatus in FIG. 1.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

When the amount of molten steel in a tundish de-
creases and the level of the molten steel goes down at
the last stage of continuous casting of steel, an eddy 1s
produced by a flow of the molten steel flowing out of a
nozzle arranged at the bottom of the tundish and slag
included in the molten steel can often flow in a mold
together with the molten steel. The slag having flowed
in the mold can remain in the slab or on the surface of
the slab as non-metallic inclusions and can be a cause of
serious defects of products. In consequence, to prevent
the slag from flowing out of said nozzie, the nozzle is
conventionally closed at a level of the molten steel at
which said eddy does not occur and the continuous
casting of steel i1s stopped. Then, entanglement of the
slag in the molten steel is prevented. The molten steel
which remains in the tundish, however, converts not to
slab, but to scrap. This, of course, leads to a decrease of
the yield of the product.

The apparatus for pouring molten steel into a mold in
continuous casting of steel of the present invention,
which i1s made to overcome said difficulties, has a block
body provided with a spherical surface made from re-
fractory material and being large enough to cover an
opening for said nozzle in the tundish. The bulk specific
gravity of the block body is smaller than that of the
molten steel and larger than that of the slag. In conse-
quence, the block body floats on the molten steel. The
spherical surface of said refractory material is large
enough to close the nozzle by fitting in the opening of
the nozzle. The apparatus for pouring molten steel into
a mold in continuous casting of steel is used at the last
stage of continuous casting of steel. The block body is
put nearly at a molten steel-slag interface by a charging
means arranged separately out the tundish and floats
there.

To use said block body inside the tundish, a stopper
which opens and closes a passage for an inflow of the
molten steel from the tundish into the mold and which
controls a flow of the molten steel is not up-and-down
type stopper which opens and closes said opening by an
up-and-down movement, being inside the tundish, but a
slide type stopper which opens and closes the passage
for a flow of the molten steel by a movement of a sliding
plate in the horizontal dlrectlon, being at the lower
portion of the nozzle.

The block body constituted as mentioned above goes
down with sinking of the level of the molten steel at the
last stage of continuous casting and is led to a portion
nearly right over the nozzle by a flow of the molten
steel flowing in the mold. Accordingly, there does not
occur any eddy in connection with the flow of the
molten steel as seen conventionally. When a residual
amount of the molten steel in the tundish decreases and
the block body stops floating, said block body reaches
the bottom of the tundish and fits in the nozzle. And the
nozzle 1s closed. Accordingly, the residual amount of
the molten steel 1s decreased in comparison with a prior
art apparatus. _

An example of the present invention will now be
explalned with specific reference to the appended draw-
ings.

FIG. 11s a longitudinal sectional view illustrating an
example of the present invention. In the drawings, refer-
ential numeral 1 denotes a tundish, 2 slag, 3 molten steel,
4 a nozzle, 5 a shiding plate, 6 an immersion nozzle, 7 a
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mold, 8 a block body, 81 semispherical refractory mem-
ber, 82 a refractory flange, 83 a hook, 9 a wire, 10 a
roller through which the wire moves, 11 a handle
charging said block body 8 into the tundish by means of
the wire, 12 a cover of the tundish. Wire 9, roller 10 and
handle 11 constitute the charging means.

FIG. 2 1s an enlarged sectional view illustrating block
body 8. Block body 8 comprises semi-spherical refrac-
tory member 81, flange 82 on semi-spherical refractory

member 81, core body 84 set inside semi-spherical mem-

ber 81 for controlling bulk specific gravity so that the
bulk specific gravity of block body 8 can be of a favor-
able value, Y-stud 85 connected by welding to core
body 84 and hook 83 extending over flange 82. The
operation of the apparatus for pouring molten steel into
a mold in continuous casting of steel constituted in such
a manner will now be explained.

When the level of the molten steel in tundish 1 goes
down at the last stage of continuous casting of steel and
reaches a predetermined position, block body 8 con-
nected to wire 9 passing through roller 10 is made to go
down to a position right over nozzle 4 by operating
handle 11. Said wire 9 is prepared so that it can be cut
by melting in a high temperature atmosphere. In conse-
quence, block body 8 alone floats nearly at an interface
of slag 2 and molten steel 3. Because of said constitution
of block body 8, the bulk specific gravity of block body
8 is smaller than that of the molten steel and larger than
that of the slag. Therefore, block body 8 goes down
with sinking of the level of the molten steel. In this
example, said bulk specific gravity of block body 8 is
from 3.0 to 6.0. If the bulk specific gravity of block
body 8 is less than 3.0, the floating block body does not
move along a flow of the molten steel being influenced
by a movement of the slag, and goes away from the
position right over the nozzle. In consequence, there is
a possibility that block body 8 does not work well to
close the nozzle at the last stage of continuous casting of
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steel. If the fluidity of the slag is not good, block body 4,

8 does not move along the flow of the molten steel and
has a possibility of being sealed up in the slag. Accord-
ingly, the fluidity of the slag is desired to be increased.
If said bulk specific gravity of block body 8 is over 6.0,
block body has a possibility of going down under the
~ influence of the flow of the molten steel, of coming in
contact with the bottom of the tundish and of hindering
the casting work.

Flange 82 positioned on block body 8 has a function
of stabilizing a central axis of block body 8 and of pre-
venting the occurrence of the eddy at the same time.
The diameter of the flange is made to be larger than the
diameter of the spherical layer of the block body and is
large enough to prevent an eddy from being produced.

Said block body can have a spherical shape. In this
case, the block body has an advantage in that there is no
need of taking into consideration an attitude of the
block body floating inside the tundish. On the other
hand, the spherical surface of the block body needs to
be enlarged to prevent the occurrence of the eddy.
Therefore, the weight of the spherical block body is
Inevitably larger than that of the semi-spherical block
body.

When the inflow of the molten steel from the tundish
into the moid proceeds and the level of the molten steel
lowers, block body 8 goes down, reaches the bottom of
the tundish and fits in nozzle 4. In consequence, nozzle
4 is closed.
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Basic refractory material containing 60% magnesia
or more is used for the outer layer of block body 8 so as
to let the outer layer of block body 8 have a corrosion
resistance to the slag. This refractory material has to
withstand the use of the block body at least once. Casta-
ble or sintered material, however, 1s desired to be used,
the life span and the cost of the refractory material
which 1s expected to be used twice or more being taken
into consideration. If the refractory material contains
less than 60% magnesia, said corrosion resistance of the
refractory material is not sufficient. In case the refrac-
tory material is corroded, the block body does not fit
well in the nozzle when the nozzle is closed and this
leads possibly to the leakage of the molten steel.

A radius of curvature of the spherical surface at the
end of block body 8 is determined experimentally rela-
tive to nozzle 4 and desired to be of from 0.7 to 3.0 of
the diameter of the nozzle. If the radius of curvature of
the spherical surface is less than 0.7 of the diameter of
the nozzle, it 1s difficult to prevent the occurrence of the
eddy in case the block body is spherical. In case the
block body has a semi-spherical shape with a radius of
curvature less than 0.7 and flange 82 is large in size
enough to prevent the occurrence of the eddy, the atti-
tude of the floating block body is unstable because
flange 82 and the semi-spherical shape are not balanced.
If said radius of curvature of the block body is over 3.0
of the diameter of the nozzle 4, the block body has a
possibility of not fitting in nozzle 4 due to the inclusions
deposited to the portion close to nozzle 4 when the
block body reaches the bottom of the tundish. In order
that a flow velocity of the molten steel can be strong
enough to lead block body 8 to the position of nozzle 4,
to let block body 8 reach the bottom of the tundish and
to let block body 8 fit in nozzle 4 at the last stage of
continuous casting of steel when the residual amount of
the molten steel 1s small, it is effective to make the bot-
tom of tundish 1 be inclined toward the opening of the
nozzle. If the surface of the bottom inside the tundish is
inclined toward the opening of nozzle 4 at less than 10°
to the horizontal plane, the flow velocity of the molten
steel 1s not sufficiently strong. An angle of the incline
more than 30° produces some influence on the cost of
manufacturing tundish 1.

EXAMPLE

The radius of semi-spherical refractory member-81
was 90 mm. The diameter of flange 82 was 240 mm.
Core body 84 inside the block body was of a cylindrical
shape whose diameter was 140 mm. Hook 83 was con-
nected by welding to core body 84. |

The capacity of the tundish was 35 t. When the depth
of the molten steel was 400 mm or less (one-third of the
tundish or less), block body 8 went down and floated
nearly at an interface of molten steel 3 and slag 2 by
operating handle 11.

When block body 8 reached the bottom of the tundish
and nozzle 4 was closed, the depth of the molten steel
was 30 mm. At this time, the residual amount of the
molten steel was 0.5 t and an outflow of the slag was not
seen entirely. -

In a prior art example, when the depth of molten
there was 200 mm or less, a nozzle was closed because
there was a possibility that slag was entangled in a pro-
duced eddy and flowed in a mold. When the nozzle was
closed, the residual amount of the molten steel in the
tundish was from 3 to 4 t.

What I claim is:
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1. An apparatus for pouring molten steel into a mold

in continuous casting of steel, comprising:

a tundish for holding molten steel;

a first nozzle arranged at the bottom of said tundish,
said first nozzle having a spherical shape opening >
through which molten steel flows out of said tun-
dish;

a sliding plate means mounted at a lower portion of
said first nozzle for opening and closing said ﬁrst
nozzle;

an immersion nozzle arranged under said sliding plate
means and having an opening through which mol-
ten steel 1s poured into the mold; and

a block body having a core body therein, said block
body including:

a semi-spherically shaped refractory member
around at least a portion of said core body, said
semi-spherically shaped refractory member
being sufticiently large to cover said opening of ,,
said first nozzle, and said semi-spherically shaped
refractory member having a radius of curvature
of from 0.7 to 3 times the diameter of said open-
ing of said first nozzle; and

a substantially disc-shaped flange made from re- 55
fractory material and coupled to an upper por-
tion of said semi-spherically shaped refractory
member and extending outwardly of said semi-
spherically shaped refractory member; and

sald block body having a bulk specific gravity 30
which ranges between the bulk specific gravity
of slag and that of molten steel.
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2. The apparatus of claim 1, wherein said block body
further comprises a hook member extending upwardly

from said flange.
3. The apparatus of claim 2, wherein said hook mem-

ber is coupled to said flange.
4. The apparatus of claim 1, wherein the bulk specific

~ gravity of said block body is from 3.0 to 6.0.

5. The apparatus of claim 1, wherein said semi-spheri-
cally shaped refractory member and said flange are
made from a basic castable refractory material contain-
ing 60% or more of magnesia.

6. The apparatus of claim 1, wherein said tundish has
a bottom inside surface which is inclined downward
toward the opening of said first nozzle at from 10° to 30°
relative to a horizontal plane.

7. The apparatus of claim 1, further comprising

‘charging means for charging said block body into said

tundish. |
8. The apparatus of claim 7, wherein said charging

means comprises a wire coupled to said block body, said
wire being meltable in a high heat temperature atmo-
sphere 1n said tundish so as to be cut by melting at said
high heat temperature in said tundish.

9. The apparatus of claim 8, wherein said block body
further comprises a hook member extending upwardly
from said flange, said wire being coupled to said mem-
ber for charging said block body into said tundish.

10. The apparatus of claim 1, wherein said substan-
tially disc-shaped flange has a larger diameter than the
maximum diameter of said semi-spherically shaped re-

fractory member.
XK * £ 3 3 ]
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